Lung burden analysis was performed on 126 autopsy cases of persons who died in New York City from 1966 through 1968. Of the 126 cases, 107 were probably non-occupationally exposed, judging by occupational history and asbestos body content of lung. Fifty-three of the 107 cases contained short chrysotile fibers/fibrils, <5 pm in length, present in 3-fold greater amounts than were found in laboratory background controls. The fiber concentrations ranged from 1.8 to 15.7 x 106 f/gm/dry lung tissue, and the proportion of fibers .5 pm in length was only 0.34% of the total chrysotile population found. Other inorganic particles present included fragments of amphiboles. In contrast to these data, the lung parenchyma of persons occupationally exposed to asbestos commonly showed the presence of other fiber types, especially amosite and crocidolite, at very much higher concentrations and greater fiber length. Any chrysotile present would usually be in fiber bundle form, with both fibers and fibrils >5 pm in length. Comparison of the lung fiber content of occupationally exposed persons with that of the general population showed marked qualitative and quantitative differences. Fibers are durable, and are retained in a range of concentrations. Their length and dose, among other factors, which control their biological potential are different in the two populations; the risk factors for chrysotile-induced disease are not the same. -Environ Health Perspect 102(Suppl 5): 235-239 (1994) 
Biopersistence of inorganic dust in the lung is held to be a requirement for the production of chronic disease. Durability, particle size, and depositional pattern affect the ability of scavenging cells to intercept, phagocytize, and sweep breakdown products out of the lung parenchyma.
If a fiber is not broken down within a phagolysosome, translocation may only decrease lung retention at the expense of accumulation at another tissue site. Persistence in the host is preserved. For mineral fiber, especially the amphibole asbestos varieties, the mucociliary escalator may save the lung but at the expense of increased risk of malignancy in other organs. Pleural drift and mesothelioma indicate that this is biologically important.
Biopersistent, durable, inorganic particles may have very low biological activities, causing for example, benign pneumoconioses. Chest radiographs obtained on workers occupationally exposed to barite (1) , tin oxide in the absence of free silica (2) , zircon dust (zirconium silicate) in the refractory industry (3) , and dust in iron foundries (4) show a profusion of opacities with little or no clinical disease.
Chrysotile asbestos is considered to possess low carcinogenic potential because of its inherent instability in a biological host, since it lacks both durability and biopersistence (5) . Studies using electron microscopy showed some magnesium loss from the chrysotile structure, detectable only for relatively thin fibers (6, 7) . By using radiolabeling, chrysotile has been shown to degrade in vivo (8) . Electron microscopy studies have also shown what appears to be fibril disaggregation from the fiber bundle, as well as some thinning of the fibril wall, within the phagolysosome (9,10). Animal studies have shown that chrysotile is effectively eliminated from the lung after exposure by inhalation (11) . These data, and more, have led some investigators to conclude that "chrysotile disappears from the lung," i.e., it lacks biopersistence. The implications of such a statement regarding carcinogenicity are obvious. If chrysotile is neither durable nor retained, the likelihood of its exerting a lasting or chronic biological effect is significantly diminished. However, the study of human tissues shows that sometimes, even many years (12) , and high concentrations in lungs of some occupationally exposed workers (13) . This study explores the phenomenon of chrysotile persistence in human lungs.
Materials and Methods
During the years 1966 to 1968, 7 lung specimens, obtained from selected anatomical sites, were removed from each of 3000 persons who died at one of three hospitals in New York City: Mount Sinai Hospital, Manhattan; Veterans Administration Hospital, the Bronx; and Elmhurst General Hospital, Queens (14) . The specimens were collected for a study involving the quantitative determination of asbestos bodies and uncoated fibers, visible by light microscopy, in the lungs of these people, and its possible bearing on morbidity and mortality. In addition to autopsy protocol, clinical records, occupational histories, and a complete personal profile was known for each case. Similar studies had been done in urban areas elsewhere (15, 16) .
These studies (17) (18) (19) (20) showed a strong correlation between the presence of both asbestos bodies and uncoated light-visible fibers with sex (males greater than females), (Tables 1-3 ). The greatest concentrations and highest prevalence of asbestos bodies occurred in males, especially workers in occupations involving asbestos-product use or installation. These included pipe-coverers, shipyard workers, and general construction workers (Table  3) . Two plasterers are listed among the occupations (when) plasterers in New York City sprayed asbestos-containing fireproofing on steel structures during building construction. Most of the cases were not occupationally exposed. These included women and white-collar workers, who made up an important proportion of the category without asbestos bodies.
At least some chrysotile fiber was found in the lungs of 124 of 126 persons in the study, but it was decided to recognize that there was a background level. This was set at the highest level found on "control" grids, nine fibrils in nine fields (one per field opening of 11,236 pm2 area). In 19 of the lungs studied, the fibril count was <9. Setting the statistical population at approximately three times this value, at 27 fibrils, there were 64 (50.8%) statistically positive cases out of 126 (Table 4) .
There are three important caveats: First, the background level observed varied in these two tissue populations so that the highest value, that reported in the 1971 study (12) , was used for all cases. Second, some of "the <9 cases" included short fibers, not fibrils, suggesting a "real" exposure had occurred. Third, four of six cases Volume 102, Supplement 5, October 1994 with >99 asbestos bodies had almost no chrysotile in their tissues, and the two others had only modest amounts, slightly more than three times the background level.
Virtually all the chrysotile in nonoccupationally exposed persons was composed of short fibrils, most <1 pm in length, with the modal class between 0.2 and 0.5 pm ( Figure IC) . The asbestos bodies in the occupational group were characteristically amphibole fibers. However, it should be noted that many occupationally exposed workers had lung burdens the chrysotile contents of which indicated intense, prolonged exposure (12, 20) , being several orders of magnitude higher than the general population. The chrysotile fibers were much longer also ( Table 4) .
Most of the chrysotile fibers/fibrils observed in this study were <5 pm in length. Only 52 of 9256 (0.56%) chrysotiles observed were longer (Table 4) . There was a trend, however, which suggested that the lungs of individuals with, apparently, occupational exposure to asbestos contained more chrysotile, fibers/fibrils > 1 to 5 pm, and > 5 pm in length ( Table 4) . (Table 4 ). The highest chrysotile levels found did not correlate with asbestos body content nor with occupation. The highest "general population" level of chrysotile >5 pm in length, was about 1.7 x 106 fibers/g of dry lung tissue, in an 80-year-old male. His exposure source remains unknown, and his cause of death was coronary heart disease.
In this study, amphibole fiber (presumably, based on morphology and diffraction character) >5 pm in length was restricted to individuals who were occupationally exposed.
Discussion and Conclusions
The presence of chrysotile in lung tissues indicates durability, retention, and host, biopersistence; and the trace amounts found in the general population are predominantly short fibrils. Rare outliers were found. Only in lungs of some heavily exposed workers were high chrysotile concentrations found; in these instances they appeared to be long unaltered fiber. The present study supports the tissue assay guidelines used in our laboratory, which exclude fibrils less than 1 pm in length from analysis, since they appear to represent nonoccupational exposure. Chrysotile fiber elimination most certainly occurred in all cases, but in proportions that could only be estimated.
Chrysotile asbestos had been detected in the lungs of 50 of 83 persons (60.2%) known to be exposed to asbestos either in their occupation or as bystanders of an exposed occupation or in the households of asbestos workers (13, 21) . The highest chrysotile exposure was calculated at 7790 x 106 fibers >1 pm in length per gram of dry lung tissue ( Figure IA) . The mean value, for all 50 cases, was calculated as 715
x 106 fibers >1 pm in length per gram of dry lung tissue, and the proportion of long fibers in the asbestos varied between 5 and 50%. Analysis of selected fibers showed preservation of both chemistry and structure. It would appear, therefore, that in occupational exposure to chrysotile not only are doses higher, but the proportion of long fibers is greater than in the chrysotile to which the general population is exposed.
The biological activity of chrysotile may depend on its durability and persistence, but the influence of the other factors-fiber length and dose-clearly affect the asbestos-disease risk (22, 23) . For this reason, the general population is not at the same risk as those that are occupationally exposed.
